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Use of Radioactive Cobalt in Tracing the Movements of the 
White-Pine Weevil, Pissodes Strobi Peck. 
(Coleoptera: Curculionidae)’ 


By C. R. Sutiivan? 


Introduction 

The usefulness of radioactive isotopes as tracers in studies of insect biology 
has been demonstrated on a number of occasions during the past few years. 
Tracer techniques have made possible the collection of accurate data on the 
dispersal and flight range of insects (2), and other specific behaviour traits which 
would otherwise be difficult or impossible to determine (1). 

There are certain periods in the development of the white-pine weevil, 
Pissodes strobi Peck, during which behaviour cannot be accurately studied by 
ordinary observation. This is particularly true of the period during which 
adults are active prior to their hibernation. Therefore, an attempt has been 
made to follow the movements of the adults using radioactive isotopes and 
suitable detecting instruments. The investigation was carried out during the 
autumn of 1951 and spring of 1952 at the Petawawa Forest Experiment Station, 
Chalk River, Canada. 

When the experiment was begun, it was intended to follow the movements 
of the insects from the time of emergence from the 1950 leader growth until 
hibernation, and again during the following spring. With this in mind, the 
radioactive material chosen was Co, because it has a long half life and because 
it emits gamma rays which enable the observer to detect the sources at reasonably 
long distances. 

No attempt is made to discuss the results of the observations on the activity 
and behaviour of the weevils in this paper. It deals primarily with four aspects 
of the work: (a) preparation of the plot where the experiments were carried 
out; (b) technique used in the preparation of the Co; (c) application of the 
cobalt and liberation of the weevils, and (d) survival of the irradiated weevils. 
The last point is important from the standpoint of the ability to trace the labelled 
insects over long periods of time. 


Preparation of the Plot 

A plot 190 feet, north to south, by 170 feet, east to west, was established 
in a white pine plantation and a grid consisting of nine-foot squares was laid out 
inside this rectangle. The base line ran approximately east and west. Each 
square of the grid was numbered. Nine-foot squares were chosen after it was 
calculated that sufficient Co® would be available to label each weevil with an 
amount that would be detectable at approximately 9 feet. This grid size allowed 
accurate mapping of insect positions. 


Preparation of the Cobalt 
The radioactive cobalt metal was dissolved in nitric acid. The resulting 
nitrate was then reduced to dryness under an infra-red light and dissolved in 
acetone. Cellulose acetate was then added to the solution to form a liquid 
adhesive which could be readily applied to the elytra of the insects. Cobalt 
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nitrate is soluble in a variety of organic solvents, so that other cementing 
materials could be used, depending upon the type of surface to be labelled. The 


adhesive can be kept at the required viscosity by the addition of solvent from 
time to time. 


Application of the CO® and Liberation of the Weevils 

Sixty-four adult weevils were selected at random from a population obtained 
in the laboratory from white pine leaders collected in the field. The weevils 
were selected in groups of four and anaesthetized with ether for ten to fifteen 
seconds. Each weevil was then set on a piece of cotton-wool to hold it in an 
upright position and placed in a separate small box. The cobalt was applied 
with a needle attached to a long, L-shaped probe which could be directed over 
the lead shield surrounding the cobalt container. A viewing mirror was used 
in order to avoid undue radiation exposure. The material picked up in this 
manner was then placed on the posterior end of each elytron. (Ideally, the 
elytra should be left free.) The insects were sufficiently anaesthetized to remain 
dormant until the solution had dried completely. The weevils were checked 
individually with a Geiger Counter to determine the amount of cobalt applied. 
They were compared with a standard source of about 100uc. 

It was found that the weevils could be separated into two groups depending 
upon the amount of cobalt applied. Of the 64 weevils that were labelled, group 
1 contained 47 insects having about 200uc of cobalt, and group 2 contained 17 
individuals having up to 500uc. Of the total number, eight weevils died, five 
from group 1, and three from group 2. Death appeared to result from an 
overdose of ether. 

Liberation of the weevils took place over a two-day period. Twenty-six 
from group | were liberated during the evening of the first day. They were 
placed on a platform in the plot which enabled them to move around freely 
until they became orientated in their new location. The platform was removed 
the following morning. The weevils were not all liberated at the same time 
because it was desirable to observe the amount of movement of a few over a 
24-hour period. The remaining insects were held until the following evening 
and then liberated because (a) little movement occurred during the first 24 
hours, and (b) there was increased possibility of mortality of those kept in the 
small containers in the laboratory. 


Results , 

The insects were followed with a Geiger Counter equipped with extension 
leads on the counter and ear phones. A three-foot arm was attached to the 
probe to facilitate observations on the ground and on the trees. In addition to 
the ear phones, the instrument was equipped with a counting rate meter as an 
alternative detector. This apparatus enabled rapid and accurate observations 
to be carried out over a wide area. 

Fifty-six weevils with varying amounts of Co cemented on the outer 
surface of the or were liberated within the experimental plot on August 31 
and September 1, 1951. On November 1, 21 weevils remained alive and had 
hibernated. The breakdown of the population on a weekly basis is shown in 
Table I, which shows reasons for removal. 

Eliminating the nine weevils lost from the population and the additional two 
removed because of the peeled cobalt, 46.6 per cent of the remaining number died 
from unknown causes. This compared favourably with the natural mortality 
of the autumn population of the weevil near Chalk River—in a control population 
of 241 unmarked weevils, 43.5 per cent died of unknown causes. 
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TABLE | 


Number of Radioactive Weevils Remaining in Experimental Plot After 
Weekly Totals for Those Removed Have Been Subtracted 














| 
Date | No. removed No. left | Reason for removal 
Sept. 2, 1951 0 56 
Sept. 9, 1951 2 54 Cos? peeling 
Sept. 16, 1951 0 54 
Sept. 23, 1951 2 52 Death 
Sept. 30, 1951 4 48 Death 
Oct. 7, 1951 3 45 Death 
Oct. 14, 1951 | 9 36 Death 
Oct. 21, 1951 | 6 30 3 dead, 3 for 
| winter laboratory 
survival tests 
Oct. 28,1951 | 0 | 30 
Nov. 1, 1951 | 9 | 21 lost 








The spring survey of the radioactive weevils showed a considerable drop 
in the number surviving through the winter, compared with the controls that 
were set out in the same area. Out of the 21 marked adults that hibernated, 
only 19 per cent emerged the following spring. The percentage emergence 
from a control cage placed in the open and containing 25 non-radioactive weevils 
was 68.0, and the emergence from a second cage placed in a closed group of 
white pine and containing the same number of weevils was 56.0 per cent. The 
figures show increased mortality among the cobalt-labelled weevils. 


Discussion 

The effectiveness of the techniques employed requires some discussion. 
Th cellulose cement proved to be an efficient adhesive during the autumn of 
1951. It was necessary to remove only two weevils because of peeling during 
this period of observation. On the other hand, observations the following spring 
showed increased indications of peeling. For long-term observation, some other 
cementing material may be more efficient. In fact, tests run during the spring 
of 1952 indicated that Glyptal, or a mixture of Glyptal and cellulose acetate was 
superior to the cellulose acetate alone. 


The use of the cobalt in a liquid adhesive proved to be a successful way of 
labelling the adults. Marking larval forms in this manner would present diffi- 
culties due to moulting. Other workers (1), have used Co® in metallic form 
for this purpose. 


In these experiments, minute pieces of the radioactive material occasionally 
became detached and adhered to the ground cover or to the soil, giving a false 
indication of the presence of a stationary insect. It was then necessary to deter- 
mine the nature of the source. 


Conclusions 
1. It is possible to label white-pine weevil adults with Co® for a period of their 
life span. 
The amount of cobalt used in the experiment was too great and increased 
mortality during the hibernation season. (Possibly, the amount of cobalt 
could be reduced by about one-fifth.) 
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The Role of Host Selection in the Ecology of Phytophagous Insects' 


By A. J. THorsterson 
Department of Entomology, The University of Manitoba 
Winnipeg, Canada 


Introduction 

It is a commonplace entomological observation that each phytophagous insect 
is restricted in its feeding to a small fraction only of the plant species that grow 
in any area. This phegomenon is generally referred to as “host selection”. The 
ecological significance of host plant selection among insects is manifest principally 
in an effect on the geographical distribution of insect species since phytophagous 
insects can occur only where suitable host plants are available. 

The precise nature of the concept which we call host selection involves 
certain complexities which require analysis. In so doing, the nature of the role 
of host selection as an important ecological factor affecting insect distribution 
will become clearer. The term “host selection” is an inadequate designation 
of the concept with which we are concerned. In the first place, the word 
“selection” implies a deliberate choice and there is no basis for a belief that such 
a complex psychological phenomenon occurs among insects. 

Furthermore, while the stimuli which evoke this so called selection are 
generally correlated botanically with nutritional requirements of the insect, they 
are nevertheless quite independent of them in the physiological sense. Nutrition, 
which depends on the presence of adequate nutrients, vitamins and minerals among 
the host plant constituents and the efficiency of their digestion, absorption and 
utilization by the insect, is commonly confounded with the host selection concept 
but in the strict sense is quite distinct from it. There appears to be no validity 
in the notion that insects choose certain host plants because they are nutritionally 
most suitable for their development. Our knowledge of insect nutrition, although 
far from complete, leads us to believe that the number of plant species which are 
nutritionally adequate greatly exceeds the number actually selected by an insect 
species. While nutritional implications can scarcely be altogether ignored in any 
comprehensive discussion of host selection in its ecological aspects, it will not 
be discussed in detail here. 


However, it is not only the anthropocentric nor teleological implications 
of the term “host selection” which we take exception, but the lack of detailed 
knowledge for most insects concerning the complex of factors which 
interact in the expression of this phenomenon and the consequent loose usage 


1Contribution to the Symposium—: ‘Experimental Ecology” held at the Annual Meeting of the 
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of this expression. However, enough is known of the host relationships of a 
few insects to enable us to discuss this problem in the light of concrete examples. 


Mechanism of Host Selection 

Host selection may be studied from two points of view: 

(a) Host selection as expressed by the occurrence of populations of insects on 
plants in nature. 
(b) Host selection as defined by results of insectary experiments which determine 

i. the plants on which insects may be induced to feed under experimental 

conditions. 

ii. the plants on which insects can complete their development. 

The discrepancies in the findings obtained in field and insectary studies are 
primarily due to: 

(1) the control which the experimenter can exercise over the phenological and 
geographical relationships of the insects and the host plants. This discrepancy 
is of considerable significance in the ecology of injurious or potentially injurious 
insects since plants of economic value might be introduced into areas where they 
may be exposed for the first time to insect enemies indigenous in that region. 
The adoption of the potato as a host plant by the Colorado potato beetle is the 
classic example of this phenomenon. 

(2) the gravid females may not oviposit on all the plant species which are 
acceptable to and adequate for the development of the immature forms. 

Host selection as manifest in nature in the occurrence of insect populations 
on particular plants is the end result of a complex chain of phenomena which 
include—in addition to nutrition—olfactory, gustatory, phototactic, hygrotactic, 
toxicological and phenological relationships as well as geographical distribution 
of the host plants. Temperature, age and inanition may modify host selection 
phenomena to a limited extent. 

Most of the evidence indicates that responses to stimuli of the senses of taste 
and smell are the most significant factors which determine what plant species 
will be attacked by any insect and it is that part of an insect’s behaviour which 
comprises responses to these chemical stimuli that constitutes host selection in 
the strictest sense. It is only in the laboratory, however, that these effects may 
be separated from the others, mentioned above, which under natural conditions 
modify their manifestation in the field. 

Host selection in phytophagous insects has two principal aspects: 
1. The location of suitable hosts or food finding—By a division of labour, this 
function is usually performed on behalf of the offspring by the gravid female 
parent which generally has more highly developed sense organs including antennae 
and compound eyes combined with the power of flight. Adult insects which 
require food for the development of their gonads or the production of energy 
perform the function of food finding for themselves. In either case, the responses, 
wheher they involve true orientations or otherwise and whether positive or 
negative are believed to be governed by patterns of simple stimulus—response 
reflex mechanisms. 
2. The feeding responses of insects to the substrate—The immature develop- 
mental stages of phytophagous insects, as mentioned earlier, typically do not 
require a highly-developed food-finding faculty. Their contribution to the 
expression of host selection is manifest in their acceptance or rejection of the 
food plants available which may be analysed as in the following scheme: 
A. Acceptance is manifest by the following steps: 

a. Biting (stimulated by olfactory and probably to a less degree by hygro- 
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kinetic stimuli. The threshold of these stimuli is raised by inanition and 
in the larger instars). 

b. Mastication (this-step and the following one are probably stimulated by 

appropriate gustatory stimuli). ; 

Deglutition or swallowing. 

Sustained repetition of steps a, b, c. 

e. Periods of rest or wandering (the frequency of this phase is inversely 
proportional to the acceptability of the food plant). 

Rejection is manifest by: 

a. A failure of the plant to elicit a biting response due to the lack of chemical 
constituents which provide the appropriate olfactory stimulus, or (if 
biting occurs): 

b. The failure of the insect to enact steps A (b and c) due to the lack of a 
plant constituent which provides the appropriate gustatory stimulus, or: 

c. The presence of a repellent substance which inhibits or prevents feeding. 

In general, it appears preferable to think of plants on which the immature 


a9 


forms will feed as acceptable plants and to reserve the term attractive plants for 
those which are sought by the ovipositing female parent. Attractive plants, 
however, are generally acceptable. 


Classification of Host Plants of Insects 
A classification of plants according to plant constituents and other host 


relationships of significance in relation to attack by a given phytophagous insect 
species may be devised as in the following: 


1. 


Plants which are either not attractive to the ovipositing females or not 

acceptable to the larvae, due either to their luck of chemical constituents 

which positively stimulate the chemoreceptors of the insect or to the presence 
in their tissues of repellent constituents which stimulate negatively the 
chemical senses of the adults and/or the larvae. 

Attractive Plants. Plants that contain chemicals which attract, probably by 

olfaction, gravid females of the insect species, and stimulate them to oviposit 

on them. 

Acceptable Plants. Plants that contain chemical constituents which by 

olfaction and gustation stimulate the feeding stages of the insect to chew 

and ingest them. This group may be further classified as follows: 

a. Plants that contain constituents which by olfaction or gustation inhibit 
feeding by repellent action or by masking the stimulus of attractant sub- 
stances, e.g. Solanum demissum with respect to Leptinotarsa decemlineata 
(Say) (Kuhn and Gauhe, 1947). 

b. Plants on which the insects will feed but which contain toxic chemical 
constituents which hinder vigorous development resulting in low fecun- 
dity or actually cause death of the insect, e.g. Petunia hy brida, with respect 
to L. decemlineata (Say) (Chin. 1950). 

c. Plants. which possess morphological characteristics such as hairiness o1 
toughness of cuticle which deter feeding. 

d. Plants which contain trophic stimulants and are free of chemical consti- 
tuents and physical characteristics which inhibit feeding but which do 
not contain a: complete complement of nutrients, vitamins and minerals 
required by the insect. (A plant cannot be shown under natural condi- 
tions to be nutritionally adequate unless it is eaten. Therefore, an un- 
acceptable plant can be considered nutritionally adequate only in an 
academic sense even though we have reason to assume that it contains 
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adequate quantities and the right kinds of nutrients, minerals and vitamins. 
At all events the experimental proof of such an assumption would entail 
difficult technical obstacles). 


e. Plants which have phenological characteristics out of phase with the 
requirements of the insect. It appears that the apparent preference of 
spruce budworm Choristoneura fumiferana (Clem.) for balsam fir over 
white and black spruce may be an example of this effect. 


f. Plants which do not occur in the geographic range of the insect. The 
host range of an insect infesting a great botanic garden may be far greater 
than in the surrounding countryside (Verschaffelt, 1910). 

In the light of the above analysis an adequate plant host on which populations 
of an insect may occur in nature may be defined as an attractive, acceptable and 
available plant which contains sufficient quantities of the required kinds of 
nutrients, vitamins and minerals in a form which the insect can digest and assimi- 
late, but does not contain any substance which is poisonous to the insect nor does 
it possess morphological characters that interfere with feeding. 

Probably the best example of the significance of most of these factors in the 
biology of a single insect species is to be found in the literature on the host 
relationships of the Colorado potato beetle, Leptinotarsa decemlineata (Say), 
(McIndoo, 1935; Brues, 1940; Raucourt and Trouvelot, 1936; Kuhn and Gauhe, 
1947; Chauvin, 1945, and Chin, 1950). 

This insect is confined in its host range to certain plants in the genus Solanum 
of the family Solanaceae which is well known for the production of complex 
substances which are of physiological interest, such as toxic alkaloids and glyco- 
sides which may serve as attractants. The attractants and feeding stimulants 
probably occur in all solanaceous plants and possibly others but the host range 
is restricted by the occurrence of repellent and toxic substances. According to 
Chauvin (1945) the substances in Solanum species which stimulate feeding in 
Leptinotarsa are probably flavone glycosides. 

Another classic example of the significance of chemical plant constituents 
in insect selection of hosts is to be found in the biology of insects such as Pieris 
rapae L., Pieris brassicae L. and Plutella maculipennis (Curt.) which respond to 
the chemical stimulation of the mustard oil glucosides that occur principally in 
the Cruciferae but also to some extent in the Resedaceae, Tropaeolaceae and 
Moringaceae. The host range coincides closely with the botanical distribution 
of these chemical substances since repellents for these insects apparently seldom 
occur in this group of plants. While the occurrence of repellents to Pieris and 
Plutella in Cruciferae appears to be infrequent we cannot be certain of this as 
these insects have not been reared on all of them.. The mustard oil glycosides 
or their fission products which are characteristic of these plants are probably 
repellent to many other insects but happen to be actually the specific attractants 
and feeding stimulants of Pieris and Plutella (Verschaffelt, 1910) (Thorsteinson, 
1953). On the other hand alkaloid glyocides in Solanaceae which are of 
frequent occurrence are not themselves the attractants and while some of the 
alkaloids are not repellent others are either repellent or poisonous or both. 


Classification of Phytophagous Insects 
Phytophagous insects are frequently classified according to the number of 
their host plant species into groups termed monophagous, oligophagous and 
polyphagous insects. A modification of the meanings of these terms has recently 
been proposed by Dethier (1947) and his views will be referred to again. The 
definition of these terms as used in the bulk of the literature may be presented 
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as in the following scheme which incorporates the writer’s views on their 
physiological interpretation: 

Poly phagous insects—The necessary attractants and feeding stimulants are widely 
distributed among plants and range of host plants is restricted principally by the 
occurrence of repellent or toxic chemical constituents in many plant species, by 
protective morphological characteristics, by phenological patterns or by failure 
of congruence in geographic range of insect and plant species. 

This interpretation is based on the assumption (which, it must be conceded, 
is supported as yet by little experimental evidence) that all phytophagous insects 
require chemical stimulants of some kind to induce and to sustain normal feeding 
except under the stress of inanition when extreme hunger supersedes normal 
stimuli. 

Oligophagous insects—The necessary feeding stimulants are restricted in distri- 
bution to a relatively small number of plants, which may be related taxonomically. 
Monophagous insects—Monophagy is a special case of oligophagy wherein the 
necessary feeding stimulants for an insect are found in only one plant species 
that is available to the insect. Two possibilities exist: 

a. Only one acceptable plant species exists. 


b. Only one acceptable plant species is available in the geographic and pheno- 
logical range of the insect. 

Dethier (1947) as mentioned above has offered an entirely new interpretation 
to the concept of monophagy and oligophagy. He classifies those insects as 
monophagous which respond positively to only one chemical or group of related 
chemical plant constituents, whereas, in his scheme, oligophagous insects are those 
that respond to several distinct and unrelated chemicals. 


Dethier’s definition of monophagy which is based on chemical considerations 
is not without merit. However, since a change in definitions at this stage might 
introduce greater confusion into the literature it would seem preferable to coin 
new terms to designate two distinct classes of oligophagous insects which differ 
in the chemotactic mechanism responsible for their restriction to a limited number 
of food plants. For example, the insects which respond to only one trophic 
stimulus substance or a group of related substances might be termed homochemo- 
tactic oligophagous insects. Those which respond to several, chemically un- 
related trophic stimulus substances might be termed heterochemotatic oligophagous 
insects. 


Minor Factors Affecting Host Plant Selection 

The factors, other than those already mentioned, which can affect host 
acceptance appreciably are temperature, inanition and degree of development of 
the insect. Other factors such as light and humidity have probably only a minor 
effect. Moisture in the food seems to be essential, but this factor is relatively 
constant in nature. 
Influence of food and temperature 

Temperature may have two effects, as observed by Chin (1950) in the 
Colorado potato beetle, viz., it increases the rate of feeding and it increases the 
rate of utilization and hence of growth. While this insect feeds more rapidly 
at higher temperatures up to an optimum, the total amount of food consumed 
is not increased. Optimum temperature for rapid feeding and rate of develop- 
ment is 32°C. but optimum temperature for survival is 25°C. 

Increasing temperature toward the optimum does not increase the consump- 
tion of less acceptable plants appreciably except in the fourth instar which may 
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eat considerable quantities of foliage of the less acceptable plants. There appears 

to be a partial breakdown of sensitivity to repellent substances at 32°C-36°C. 
in the fourth instar, but the ratio of such foliage eaten to that of S. tuberosum 
consumed at these temperatures is nevertheless only 23 per cent or less. 


The increased consumption of less acceptable food plants at 32-36°C. may 
conceivably be due to changes in the chemical constitution of the leaf tissue by 
the dissipation by evaporation of volatile repellent olfactory substances or to 
the decomposition of thermo-labile repellent gustatory substances. At and 
below the optimum temperature for survival the host preference relations of 
Leptinotarsa are stable but at higher temperatures the host range is extended. 
This effect is not decisive enough to abolish differences in degree of acceptability 
of host plants and this may be but probably is not of significance ecologically. 


Furthermore Chin (1950) states that mortality is higher at these extreme temper- 
atures. 


Fourth instar Leptinotarsa larvae are less fastidious in their feeding habits 
than younger larvae at normal temperatures, and will feed sometimes on Datura 
and Petunia which are refused by younger larvae. At higher temperatures 
(32°-36°C.) the third instar also becomes less restricted in its acceptance of hosts 
but these higher temperatures never result in more than a partial relenting of the 
discrimination against unacceptable plants if the volume consumption of S. tubero- 
sum foliage be taken as a standard. 

Starved larvae bite unacceptable substrates more readily than normally fed 
larvae but do not suffer much loss of discrimination as measured by continued 
feeding or total quantity consumed. 


The fact that the more mature instars are somewhat less fastidious in their 
choice of hosts may be of considerable ecological consequence in dense insect 
populations which are subject to starvation through depletion of the foliage 
of their usual plants. If this occurs in the late instars before the normal onset 
of pupation, they may then be able to complete their development on plant hosts 
on which they could not have survived in the earlier instars. Since these effects 
tend to increase survival and possibly fecundity also, host selection behaviour 
is not without significance under certain conditions with respect to insect popu- 
lation numbers. 


Conclusion 


In recapitulation, host selection is expressed in nature by the failure in 
varying degrees of each insect species to establish itself on more than a limited 
number of the total available plant species in the geographic range of the insect. 
The factors which predestine this phenomenon include reflex behaviour of the 
insects to chemical and other stimuli, nutritional relationships, tolerance to plant 
toxins and the coincidence in time and space of developmental activity of the 
insect and its host plants. 


The ecological significance of host selection is its effect, indirectly on 
population numbers through the selection of host plants of varying nutritional 
qualities and directly on insect distribution through its dependence on the geo- 
graphical spacing of suitable host plants. 
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The Influence of Spray Programs on the Fauna of Apple Orchards 
in Nova Scotia. VI. Low Temperatures and the Natural Control 
of the Oystershell Scale, Lepidosaphes ulmi (L.) 
(Homoptera: Coccidae)' 

By F. T. Lorp? and A. W. MacPuee? 


Fruit Insect Section, Science Service Laboratory, Kentville, Nova Scotia 


Introduction 

Some of the results of an attempt to apply ecological principles in the 
solution of apple insect control problems in Nova Scotia have been given in 
previous papers by Pickett et al. (1946), Lord (1947, 1949), Pickett (1952), and 
MacPhee (1953). Briefly, these studies aim at an understanding of the changes 
in the interrelations of the species in an orchard when spray materials are added 
to the environment. The emphasis to date has been placed on the effects of 
spray chemicals on the populations of entomophagous species. The results of 


this work have already had a marked effect on orchard insect control practices 
in Nova Scotia. 


A very large field of study, as yet little explored, is the complex of environ- 
mental factors determining the densities of and causing the variations in the 
populations of the entomophagous species in orchards. Although sprays may 
cause great differences in the populations, there are large variations unrelated 
to the spray effects. The relative abundance,of the predacious and parasitic 
species varies greatly owing to ecological factors as yet little understood. 

Among the factors contributing to the annual variations in the densities of 
the less cold-hardy species is the severity of the winter. If the differences in 
the winters are sufficiently great, such as may occur in two distinct geographic 
areas, the variations for a given species may take place at two distinctly different 
levels. 

In New Brunswick, the oystershell: scale gradually increased and became a 
problem in some commercial orchards in late years. Information on the spray 
practices indicated that the problem was due to the destruction of the natural 
enemies. This assumption was based on the fact that the New Brunswick 
growers were using materials that had been shown, in Nova Scotia, to be detri- 
mental to the natural enemies (Lord, 1947). 


A preliminary survey in New Brunswick had shown that the parasite 
Aphytis mytilaspidis (LeB.) was at a very low level in the central part of the 
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province. The predacious mite Hemisarcoptes malus (Shimer) was the major 
factor in the natural control! of the scales. Farther south, near the Bay of Fundy, 
both natural enemies were relatively abundant. This apparent correlation of 
parasite density with the differences in the severity of the winter led to further 
studies on the effects of low temperatures. 


In some orchards in New Brunswick the continued use of sulphur sprays 
had reduced the predacious mites to a very low level. Parasites, presumably 
owing to low winter temperatures, were very scarce. Therefore, unlike the 
results in Nova Scotia, the substitution of ferbam for sulphur in the spray pro- 
gram did not result in a rapid re-establishment of natural control. The very 
low level of survival of the parasites in central New Brunswick does not rule out 
the probability of effective natural control of the scales. On neglected trees 
the predacious mites effectively controlled the oystershell scale without assistance 
from the parasites. 

The winter mortality of A. mytilaspidis larvae presented an excellent oppor- 
tunity to study the differential effects of a climatic factor on a pest and its natural 
enemies. An intensive study of the ecology of the entomophagous species seems 


to be the prerequisite to an understanding of variation in population levels and to 
any hopes of forecasting future trends. 


Materials and Methods 


Wild or abandoned apple trees were sampled wherever possible to eliminate 
the complicating influences of spray materials toxic to A. mytilaspidis and H. 
malus. In the southern part of New Brunswick and in most of Nova Scotia, 
wild apple trees are very common along roadsides, in thickets, in hedgerows, 
and in bushy pastures. Colonies of the scale may often be found in these sites 
infesting a few limbs or isolated trees in the group. Colonies with some healthy 
scales were found most frequently near the bases’ of wild apple seedlings two to 
six feet in height. On the neglected mature or ageing trees so common around 
farm buildings in the Maritime Provinces, it is very difficult to find healthy 
scales. Those found on this type of tree are almost invariably old, dead scales, 


but healthy colonies may often be found on the bases of the suckers arising from 
the roots. 


Samples from other provinces of Canada were collected by officers of the 
Division stationed near the areas sampled to obtain information on the distribution 
of the two natural enemies of the scale and on the effects of low temperatures on 
them and on the scale itself. 


Many of the samples were of little value for diagnosing winter mortality, 
since a scale colony may be in any of the following stages of natural control: 
. Only healthy scales may be present. 
. H. malus may have become established and no parasites may be present. 
. Parasites may have become established but H. malus may not be found. 
. Both the parasite and H. malus may have become established. 
. The scales may have been destroyed by either or both agencies and only 
dead scales may be found. 

If the parasites are examined within a few weeks after they have been frozen, 
it is easy to determine the percentage killed, since the dead larvae become a 
translucent, watery mass. Dead larvae soon collapse and dry out, so that if 
several months have elapsed before examination the dried-up remains are more 
difficult to find and may be easily overlooked when dissecting the scale. In 
the latter event, the mortality of the parasites measured by spring examination 
may be somewhat underestimated. 
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Fig. 1. Map of Canada showing areas from which oystershell scale samples were collected. 


A subzero test cabinet (Fig. 2) constructed in the laboratory was used for 
the controlled temperature experiments. The evaporation of dry ice in the 
reservoir, shown to the right, produced cold gas, which was circulated through 
a valve (G) by a small fan (C) into the cooling compartment surrounding the 
test chamber. The test chamber was suspended by a gas-tight seal into the 
cooling compartment, shown to the left. The cold gas circulated about the out- 
side of the test chamber, out through a duct at the top of the cooling compart- 
ment, and back into the dry ice reservoir. 

A DeKhotinsky thermostat, suspended from the cover, with the bimetallic 
helix extending into the test chamber, operated a relay switch that turned the 
small fan (C) on and off. The valve (G), of felt, was manually operated in 
adjusting the cabinet at the operating temperature range. This valve also 
allowed for greater control of the rate at which samples were cooled to the 
operating temperature. When the test chamber and the samples reached the 
operating temperature, adjustment of the felt valve helped to minimize oscillations 
in temperature. 

Temperature readings in the test chamber were made with a thermocouple- 
potentiometer. This device was constructed from available miscellaneous parts 


and the sensitivity was increased by the use of a thermopile in place of a thermo- 
couple. 


Groups of apple twigs infested with parasitized scales were cut into small 
pieces, and enough twigs for about eight sampies were placed in the test chamber 
after it had been adjusted to the operating temperature. The temperature rose 
at first but it gradually dropped until the operating temperature was again 
attained. Then there was some oscillation, but in a few minutes the temperature 
steadied to within a degree of the desired point. The period in which the 
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Fig. 2. Diagram of the sub-zero cabinet. 


samples were cooling to the operating temperature (usually about 45 minutes) 
was termed the cooling period. When the group of samples reached the 
operating temperature, sample number one was removed, and, at predetermined 
intervals thereafter, successive samples were taken out. In this way, all samples 
in the series were subject to the same cooling period, in addition to the pre- 
determined time of exposure. Salt (1950) has pointed out that jarring of super- 
cooled insects will initiate the seeding of ice crystals. Insofar as it was possible, 
jarring of the twigs was avoided in removing the samples. 


TABLE I 


Results of a fall survey of the oystershell scale and its natural enemies in the 
apple-growing areas of Canada 














Number Percentage of mature scales 
Map (Fig. 1) examined attacked by 
location 
Province numbers 
Samples | Scales A. H. A, 
mytilaspidis | malus | microphagus 
Nowa Septig esis. i500 1 33 11,510 15.9 4.8 0. 
Prince Edward Island... 2 2 483 9.5 12.0 0.02 
New Brunswick 
Southern coastal area. 3 22 5,130 14.2 6.2 1.4 
Central area......... 4 20 5,060 1.5 11.1 2:3 
OPN 65 i Ses sk tah es 5,6 10 1,548 11.9 8.9 1.6 
Ontirie. oo 5S es 2. on fe 41 11,389 a1:.4 3.3 0.2 
British Columbia... .... 12, 13 17 2,428 1.2 0.1 0.0 
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Results and Discussion 

A fall survey (Table I) showed that the oystershell scale occurs in all apple- 
growing areas of Canada but apparently is extremely scarce in some places. 
A. mytilaspidis and H. malus were found in varying numbers in all areas sampled. 
Although Apterencyrtus microphagus (Mayr) was found in all areas except 
British Columbia, it appears to be a minor factor in the natural control of the 
scale. 

Data on the effects of winter temperatures on A. mytilaspidis in the fruit- 
growing areas of Canada are given in Table II. The lowest air temperature 
recorded for the winter at each station is only an approximate measure of the 
severity of the winter. The mortality of the parasite population was found, 
in general, to be higher in those areas from which the lowest temperatures were 
reported. The records for New Brunswick, based entirely on wild or neglected 
apple trees, show a striking contrast in the abundance of parasites in two areas. 
In the southern coastal area the over-wintering parasite larvae were about as 
prevalent as in Nova Scotia. In the central part of New Brunswick, parasites 
were much scarcer, every winter being highly destructive to them. Table III 
gives some indication, in the low temperatures for Saint John, Sussex, and 
Moncton, of more severe winters than are common in Nova Scotia. The winters 
in central New Brunswick represented by the temperatures given for Fredericton 
and Woodstock were, by chance, less severe than usual. 

The winters in the Annapolis Valley of Nova Scotia are relatively mild, 
temperatures between —15°F. and —20°F. having occurred only five times at 
Kentville in the past 20 years. On January 31, 1951, the temperature dropped 


TABLE III 


Number of days at various stations in Eastern Canada on which the minimum 
winter temperatures* were more than 10 degrees F. below zero 








| 
| Winter of 1949-50 Winter of 1950-51 









































Station ee 
| Degrees below zero Degrees below zero 
| 
10 14 18 22 10 14 18 22 26 30 
to to to to to to to to to to 
13 17 21 24 13 17 21 25 29 32 
Nova Scotia | 
Annapolis Royal........ 0 0 S- 1 38 0 0 0 0 0 0 
Ros 8 So cs cose 1 0 0 | 0 1 1 0 0 0 | 0 
Se ee eee 0 1 0 0 1 0 0 1 0 0 
New Brunswick 
ES sc leca a2 28 <2 Seevesee sa ae. 
A Re ES 4 2 1 1 2 1 0 1 0 0 
oh Wis chaste 5 6 0 0 1 0 0 1 0 0 
Wosasteck.. ....65...4486% = - ~ - 4 5 0 1 0 0 
Fredericton............. 8 4 | 4 0 2 1 0 0 0 0 
Quebec 
St. Anne de la Pocatiere.| —- - - - | 6 3 2 0 1 0 
St. Anne de Bellevue....| — - - - | 3 2 2 0 1 0 
Ontario | 
Memptville............; 2 1 2 2 5 4 1 2 0 1 
SIRS eo oe 1 3 | 1 0 2 1 1 0 0 0 
Eee ee ae 3 0 0 0 1 0 0 0 0 0 
PIS ee No record 0 0 0 0 0 0 




















*Obtained from the records at various institutions and from the Air Services, Meterological 
Division, Canada Department of Transport, Toronto. 
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very rapidly to —22°F. and rose again very rapidly. An examination of scales 
from the vicinity of Kentville in March, 1951, showed that 61 per cent of the 
A. mytilaspidis larvae had been killed. Normally, however, the natural winter 
mortality of the parasite larvae is considerably less than 61 per cent. More or 
less typical of natural winter mortality among parasite larvae are the results shown 
in Table IV, which shows a progressive increase in the mortality of parasite 
larvae in an orchard at Middleton. The destruction of 24 per cent of the 


TABLE IV 


Winter mortalities of A. mytilaspidis in an orchard at Middleton, Nova Scotia, 
at different times seine the winter of 1949-50 

















‘a | 
Date examined 2 | Lowest interim temperature 
| Pe. Ae % | below zero, °F. 
met | | | 
I Bg ob 8 ie anes Sate wie come | 49 | 2 | None 
hse 5c hak as Sete oa 4 | 200 | 8 | -— 9 
Se | ER eer ae tei eee | 200 | 21 —13 
a Se a ca, | 200 | m | a4 
TABLE V 


Effect on A. mytilaspidis of a full winter’s exposure of scale-infested twigs in a crate at 
Fredericton, N.B. —— from December, 1949, to March, — 











‘és 


| Distance from 





4 
bottom of crate, @ No. examined | Dead | 
| inches | | % 
| ns 
| 0- 8 | 62 68 
| | 
| 4-.12 90 | 98 
| 100 


12-36 | 177 


is 52504 Ses 56 ‘ 
*On 4¢ occasions the minimum wadseneimees setae from —19°F. to ~2°F, 





TABLE VI 


Effects on A. mytilaspidis of exposure of scales at Fredericton, N.B., to winter 
temperatures for periods indicated 

















7 — 
Temperatures during | Dead 
Length of exposure exposure, °F. | No. examined % 
5 p.m.-9a.m................| from —20 during night 
to —10 at 9a.m. 102 52 
CO STRR SCR  ea ene ~16 to —15 93 | 24 
MS ets Ae ccghh one at SE aie Ais —4to 0 88 14 
| 
I oo ott bkak s Sin wenden cool storage* 100 | 6 

















*Maintained at 55°F. The other samples were also taken from this storage. 
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parasites during the winter of 1949-50 in this orchard would not be sufficient to 
prevent adequate control of the oystershell scale by the parasite. Three other 
small samples of parasitized scales were placed out-of-doors when low temper- 
atures were expected. The mortalities of the parasites that resulted from these 
exposures are given in Table VI. 

The mortalities from a variety of time-temperature exposures in the sub- 
zero test cabinet are shown graphically in Fig. 3. The curves for A. mytilaspidis 
larvae and oystershell scale eggs (L. ulmi) are shown in parts A and B, 
respectively. “The time and temperature to produce a mortality of 90 per cent 
are given in part C. The points on the curves in part C were obtained by 
— of the points where the time-temperature curves (A & B) for A. 
my tilaspidis larvae and oystershell scale eggs cross the 90 per cent mortality line. 

Almost 100 per cent of the A. mytilaspidis larvae were dead about half an 
hour after cooling to —20°F. The time of exposure to produce a high mortality 
increased as the temperature was raised until at —12°F., eight hours’ exposure did 
not give complete mortality. Oystershell scale eggs were much more resistant 
to cold than the parasite larvae. At —26°F. to —22°F., three hours were required 
to destroy 90 per cent of the eggs and at —18°F. about eight hours would be 
required. The 90 per cent mortality curves show that there is a difference 
between the effects of cold on the parasite larvae and on the scale eggs. Even 
at —26°F. a much longer exposure time is required to destroy the scale eggs than 
is needed to kill the parasite larvae. 

No satisfactory method of measuring the effects of low temperatures on 
H. malus was found, as it is difficult to distinguish between dead and living mites. 
This —. however, appears to be very cold- -hardy, as some crawling mites 
were found in all samples tested regardless of the time and temperature of the 
exposure. 

Scale parasites on an apple tree are not all equally exposed, as some are in 
scales under flakes of bark or near the base of the tree, where they may be covered 
by snow, or in other protected spots. Surviving parasites are able to rebuild 
the population rapidly owing to a high reproductive potential, and to the fact 
that there are three generations a year. This is particularly true in the areas 
where the winters are more moderate. In the colder areas, the destruction of 
parasites is so great that their population can never reach a high level. 

The areas most intensively ‘studied were the Annapolis Valley in Nova 
Scotia, and the southern coastal and the central areas of New Brunswick. The 
winters in these three areas differ considerably in the frequency, duration, and 
intensity of the cold weather. This difference is reflected in the relative 
importance of the natural enemies of the oystershell scale. 

The winters in Nova Scotia are usually too mild to destroy more than a small 
percentage of the parasitic larvae. As a result, the natural control of the 
oystershell scale is effectively maintained by the parasite and the predacious 
mite. 

The southern coastal area of New Brunswick represents a marginal zone 
in the survival of A. mytilaspidis. In this area, temperatures from —16°F. to 
—20°F. occur every year or so. Enough of the parasitic larvae, however, survive 
to rebuild the parasite population and the parasite and the predacious mite are 
both of importance in scale control. In this marginal climatic zone there are 
greater variations in the parasite population. 

In the central area of New Brunswick, winters with temperatures of —20°F. 
or lower are too frequent to allow any prolonged build-up of the parasitic 
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population. Parasitism in this area is a minor factor in the natural control of 
the scale, and the mite H. malus is the important factor. The northern part of 
this area is known to have been subjected to temperatures as low as —40°F., but 
during the past several years no such extreme cold has been experienced. The 
laboratory experiments, however, strongly suggests that many scale eggs are 
destroyed in years of very low temperatures. 
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Fig. 3. A.—Comparison of the mortalities of A. mytilaspidis larvae caused by exposure to 

sub-zero temperatures. B—Comparison of the mortalities of L. ulmi eggs caused by exposure 

to sub-zero temperatures. C.—Comparison of the time-temperature exposures to cause 90 
per cent mortality of A. mytilaspidis larvae and L. ulmi eggs. 
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The results of the laboratory and field studies show that the level of lowest 
temperatures determines which biotic agent is the more important in the control 
of the scale. This difference is consistently found to a very striking degree in 
the three areas described above. 


The natural enemy that exerts the greater control is thus determined by a 
climatic factor but the actual control of the scale is by biotic means. 


It is hoped that it will be possible to extend these studies to the natural 
enemies of other orchard pests and measure the importance of climate on them. 
Although climate is not the only cause of variation in the populations of entomo- 
phagous species, it is a fruitful field of research. There is an almost appalling 
complex of interrelated factors contributing to the variations in arthropod popu- 
lations. The unravelling of this complex is, however, a major undertaking that 
must be tackled piece by piece. Until this is done to some degree at least, we 


cannot have a proper appreciation of the intricacy of the problems with which 
we are dealing. 
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A Note on the Occurrence of a European Tortricid, Cnephasia 
virgaureana Treit., in Newfoundland with New Synonymy 
(Lepidoptera) 

By T. N. FREEMAN 
Systematic Entomology Unit, Division of Entomology 


Canada Department of Agriculture 
Ottawa, Canada 


During the summer of 1916, a few specimens of a tortricid were submitted 
to Ottawa for identification. The larvae were abundant on cabbage leaves in 
the vicinity of St. John’s, Newfoundland. At that time the insects were not 
definitely identified as a European species and were described as new by A. 
Gibson, who proposed the name Tortrix oleraceana Gibs. (1916. Can. Ent. 48: 
373). Some time ago it was realized that oleraceana belonged to the genus 
Cnephasia. After additional material was received recently from Mr. A. H. 
Butler, St. John’s, Newfoundland, comparison with European specimens in the 
collection of Dr. B. P. Beirne showed that the species in question is Cnephasia 
virgaureana Treit. T. oleraceana Gibs. will therefore be placed in the synonymy. 
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The Introduction of the Termite into Ontario 
By F. A. UrquHart* 

Within the next few years those of us who have been directly concerned 
with the first appearance of termites in the Province of Ontario will either have 
forgotten some of the earlier details of this introduction or will have passed 
beyond the field of such earthly considerations. The present paper has been 
written so that those who may be interested in the early history of the intro- 
duction of termites into Ontario in the years that lie ahead will have at least 
one authoritative paper upon which to base their studies or investigations. 

The first authentic specimens of Reticulitermes flavipes (Kollar) were found 
in a building on Cherry Street near the water front in the Fall of 1938. These 
specimens were submitted for identification to Dr. E. M. Walker, who was 
Head of the Department of Zoology of the University of Toronto at that time, 
and one of Canada’s most eminent systematic entomologists. 

In 1943 specimens were found in buildings on King Street (“A”), a short 
distance north of the a parently original point of introduction on Cherry Street. 

In 1945 I identified specimens from buildings on Robbins Avenue and 
Coxwell (“D”), and also from an area located a short distance to the north-east 
in the vicinity of Woodbine Avenue and Gerrard Street (“B”). 

In 1947 and 1948 three more localities were recorded, of which those at 
points “E” and “F” on the accompanying map have not been checked for 
accuracy of identification. 

In 1949 I identified specimens from buildings located a short distance east 
of the Toronto City Limits on Danforth Avenue near Warden Avenue. 

Such are the known authentic areas of infestation in the City of Toronto 
at the time of writing this paper. 

Insofar as records based on collected specimens are concerned, the termite, 
Reticulitermes flavipes, is to be found in no other part of eastern Canada, with 
the exception of Pelee Island (where this particular species has been present for 
many years). It is believed by those who have been actively engaged in the 
study of insects in the Province of Ontario, and particularly in the vicinity of 
Toronto, that the termite was introduced into Ontario from the United States 
between the years 1935 and 1938, and that the point of introduction was in the 
vicinity of Cherry Street between Keating and Unwin Avenue on the shores 
of Toronto Bay. That since its first introduction it has spread by unknown 
agencies (perhaps by the transportation of earth fill or the like from infested 
areas) to at least five well-defined localities. It is forecast that it will continue 
to spread over the entire area of eastern Toronto (east of the Don River) and 
eventually over the entire area of Toronto including greater Toronto. Its 
appearance in other parts of the Province is to be expected, and it will no doubt 
occur in isolated populations similar in pattern, but on a larger scale, to what 
has been witnessed in Toronto during the past fourteen years. 

There are those who believe that the termite is native to Ontario. Such 
a belief is not substantiated by the work of entomologists who have been actively 
engaged in collecting insects in the Toronto region during the past many years, 
or by entomologists who have been associated with institutions concerned with 
insect pests and their occurrence in various parts of the Province. There are 
no records of the occurrence of this insect in the Toronto region in the files of 
the Toronto City Building Commissioner’s Office prior to the dates as specified 
in this paper. here are no previous records on file in the Dominion Department 
of Agriculture or the Provincial Department of Agriculture. This, then, gives 
the proof to the statement that the insect was introduced and that the data as 
here presented records its earliest history in the Province of Ontario. 

*Royal Ontario Museum of Zoology and Palaeontology. 
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Insects Reared from Goldenrod Galls Caused by Eurosta solidaginis 
Fitch (Diptera: Trypetidae) in Southern Ontario 
By W. W. Jupp 


Department of Zoology, University of Western Ontario 


Introduction 

Studies of the goldenrod gall caused by Eurosta solidaginis Fitch have been 
made by various authors who reared insects from the galls in North America, 
e.g. Hughes (1934), Milne (1940) and Ping (1915). Snyder (1898) described 
the emergence of an adult fly from a gall in Illinois. In Canada, insects have 
been reared from galls collected in Manitoba and the Northwest Territories by 
Brodie (1892), in Quebec by Fyles (1894) and in Ontario by Harrington (1895). 
An opportunity has been taken recently to examine specimens reared by Dr. G. 
Beall from galls collected at Chatham, Ontario in 1930 and to rear insects from 
galls in the vicinity of London, Ontario. 

Material 

The series of insects collected by Dr. Beall, and deposited in the collections 
of the Univ ersity of Western Ontario, consists of forty-four pinned specimens 
of Eurosta solidaginis, 26 wasps and 3 mordellid beetles. Twenty-five of the 
flies were reared from galls at Chatham from May 11 to May 13, 1930, the 
remaining specimens being reared at Chatham on unrecorded dates in the spring 
of that year. The insects reared by the writer in London were from a collection 
of 200 galls clipped from stems of Solidago sp. in waste land in an abandoned 
brickyard at the northeast corner of Adelaide and Cheapside Streets in London 
on February 15, 1952. In this lot of 200 galls there were 33 (16.5%) in which 
the side of each gall was gashed so that an irregular cavity extended into the 
central chamber of the gall. This was evidently the work of birds or rodents 
which had devoured the contents of the galls. Ping (1915) records that 
occasional galls are found to have been drilled by woodpeckers or gnawed by 
rodents and Milne (1940) noted a number of galls which had been attacked by 
birds, and in discussing the mortality of the fy population in his collection of 
galls he records 44.8% of the insects as being killed by birds. 

The remaining 167 of the 200 galls were brought into the laboratory. 
Seventeen of these were split open and found to contain 12 larvae and two pupae 
of Eurosta solidaginis and three hymenopterous larvae. In each gall the larva 
or pupa was lodged in a cylindrical tunnel which led outward from the central 
chamber of the gall and was closed at its outer end by the thin investing layer 
of the gall. Each of the intact 150 remaining galls was placed in a separate 
cotton-plugged jar and the jar was examined daily for the presence of insects 
which emerged from the gall. These insects were removed from the jar with 
an aspirator and were pinned and labelled. The galls were watched from 
February 15 till August 15 when they were split open with a knife and insects 
remaining in them were removed. 

The following account refers to the collections of insects made at Chatham 
in 1930 and at London in 1952. Unless otherwise stated all pinned specimens 
are in the insect collection of the University of Western Ontario. 


ACCOUNT OF INSECTS COLLECTED 
Diptera 
Trypetidae 
Eurosta solidaginis Fitch 
The flies from galls at Chatham were 44 in number (17 4 é, 27 2 9) of 
which 17 emerged during May 11 to 13, 1930 while the others emerged on 
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unrecorded dates in that year. Ping (1915) records that adults came from galls 
in the field in May at Ithaca, New York. The collection of galls at London 
yielded 75 flies (41 6 8, 34 9 2) which emerged during the period March 
18 to April 8, 1952 in the laboratory. The maximum emergence of males in 
one day occurred on March 19, one week before the maximum emergence of 
females on March 26. The total numbers from the two collections were 58 3 ¢ 
(48.7%) and 6129 @ (51.3%), the sexes thus being represented by approxi- 
mately equal numbers. Milne (1940) reported a preponderance of males (63.3%) 
in his collections. 


Coleoptera 
Mordellidae 
Mordellistena sp. 

Three beetles reared from galls on unrecorded dates in 1930 at Chatham 
were identified as Mordellistena sp. by Mr. R. de Ruette, Systematic Entomology, 
Department of Agriculture, Ottawa. Larvae of this genus have been reported 
to occur commonly in Ewrosta galls. Brodie (1892) stated that larvae of M. 
nigricans Melsh. were probably external feeders on the larvae of E. solidaginis 
and Milne (1940) reported that some puparia of E. solidaginis were killed by 
predaceous beetles of this genus and that 1.6% of the flies in the galls collected 
by him were killed by beetles. Harrington (1895), however, claimed that larvae 
of M. nigricans were only inquilines, living upon the pithy substance of the gall. 
Hughes (1934) and Ping (1915 ) reared adults of M. unicolor Lec. from Eurosta 
galls and Ping asserted that “they, however, do not penetrate into the central 
cavity, but simply make their dw elling i in the common parenchyma of the walls 
of the gall”. 

Hymenoptera 
Braconidae 
Schizoprymnus sp. 

Five female wasps which emerged from galls at Chatham on unrecorded 
dates in 1930 were identified as Schizoprymmnus sp. by Dr. W. R. M. Mason, 
Systematic Entomology, Department of Agriculture, Ottawa. The five speci- 
mens are deposited in the Canadian National Collection. Harrington (1895) 
found in Eurosta galls some flimsy braconid cocoons from which emerged adults 
of Sigalphus texanus Cress. = Schizopyrmnus texanus (Cresson) (Muesebeck 
and Walkley, 1951) and asserted theat they were evidently parasites of the larvae 
of Mordellistena sp. Hughes (1934) reared Schizoprymmus sp. from his collec- 
tion of galls, in which they occupied burrows just outside the central cavity, 
and he concluded that they might be parasitic on the mordellid beetles. It is 
likely that the wasps reared at Chatham were parasites of the mordellid larvae 
in the galls. 

Doryctini 

A single female braconid wasp which emerged from a gall at Chatham on 
an unrecorded date in 1930 was determined as belonging to the tribe Doryctini 
by Dr. W. R. M. Mason, Systematic Entomology, Department of Agriculture, 
Ottawa. It is deposited in the Canadian National Collection. Muesebeck and 
Walkley (1951) state that most species in this group are apparently external 
parasites of coleopterous larvae. It is likely that this specimen was a parasite 
of Mordellistena sp. 

Eurytomidae 
Eurytoma gigantea Walsh. 

Seven female wasps were collected from galls, five on unrecorded dates in 

1930 at Chatham and the other two from galls in London, one emerging from a 
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gall on May 9, 1952 and the other being found dead in a gall on August 14 when 
the gall was split open. The wasps were determined as E. gigantea Walsh. by 
Dr. O. Peck, Systematic Entomology, Department of Agriculture, Ottawa, one 
specimen being deposited in the Canadian National Collection. Two males from 
galls at Chatham were determined by Dr. Peck as Eurytoma (gigantea?), one 
being retained in the Canadian National Collection. Records of this species 
occurring in Eurosta galls are given by several authors: Brodie (1892), Fyles 
(1894), Harrington (1895), Hughes (1934) and Ping (1915). Peck (1951) shows 
that the species has a wide range in North America. 


Eurytoma obtusiventris Gahan 
Twelve females occurred in the collection from Chatham, their dates of 
emergence in 1930 being unrecorded. One female emerged from a gall in London 
on April 7, 1952 and one male and four females were found dead in galls opened 
on August 14 and 15. The species, E. obtusiventris Gahan, was determined by 
Dr. Peck who retained two specimens for the Canadian National Collection. 


This wasp was a common parasite in galls studied by Hughes (1934) who states 
that it outnumbered E. gigantea three to one. 


Vespidae 
Ancistrocerus catskill catskill (Saussure) 


One female wasp, identified by Mr. C. D. Miller, Systematic Entomology, 
Department of Agriculture, Ottawa, emerged from a gall on an unrecorded 
date in 1930 at Chatham. Peck (1951) records that this species nests in a variety 
of situations such as old wasp nests and bee burrows. In the central cavity of 
a gall of Eurosta solidaginis, Ping (1915) found a larva of Ancistrocerus tigris 
(Saussure) which later pupated and became adult. 
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The Light Reactions of Larvae of the Tent Caterpillars, Malacosoma 
disstria Hbn., M. americanum (Fab.), and M. pluviale (Dyar). 
(Lepidoptera: Lasiocampidae)’ 

By C. R. Suttivan® anp W. G. WELLINGTON? 


The forest tent caterpillar, Malacosoma disstria Hbn., and the eastern and 
western tent caterpillars, M. americanum (Fab.) and M. pluviale (Dyar), are 
common pests of several species of deciduous trees in Canada. All are colonial 
during the larval stage, but M. disstria differs from the others in one respect: it 
does not construct a communal tent. This difference in habit merits special 
consideration in any comparative study of larval behaviour, particularly in one 
concerned with the effects of physical factors upon the insects, since a tent 
modifies the effects of the physical environment considerably. Recently, a series 
of such studies was carried out, and one part of the work consisted of laboratory 
and field observations on the light reactions of larvae. The results obtained have 
raised a number of new questions which unfortunately cannot be answered 
now, because two of the species have been difficult to obtain in quantity since 
1950. Nevertheless, the findings are presented here without additional delay, 
since they are of general interest, and other workers may wish to use them. 


LABORATORY OBSERVATIONS 
Materials and Methods 

Larvae reared in the laboratory were obtained from field-collected egg 
bands that had been overwintered in cold storage. The rearing room was kept 
between 20 and 21°C. and 45-60% R.H. Under these ambient conditions, 
larvae of M. disstria and M. pluviale that were kept in 6-cm. rearing jars were 
brought through the first three instars without -difficulty. Young larvae of 
M. americanum confined in these small jars did not survive in sufficient quantity, 
nor did they develop well on foliage exposed to the relatively dry air of the room. 
Consequently, it was necessary to keep them in small desiccators until they 
reached the fourth instar. 

In the desiccators, twigs were inserted in small vials filled with water. First- 
and second-instar larvae that dropped from the foliage, however, seldom returned 
to it unless it was at the brightest spot in the container. Therefore, to avoid 
undue losses of larvae from starvation, twigs were first inserted through the tip 
of a paper cone interposed between the leaves and the vial. The diameter of the 
cone was always large enough so that larvae dropping from the leaves above 
struck the cone, not the desiccator floor. As soon as they began to crawl, they 
reacted to the overhead light, and thus were led directly back up the cone to 
their food. 


Older larvae of all species were reared in Fiske trays, and all species developed 
better when the trays were kept relatively moist with damp paper. Larvae of 
M. disstria were fed leaves of Populus tremuloides Michx. Those of M. 
americanum and M. pluviale were fed foliage of Prunus pennsylvanica L. 


Preliminary tests were arranged to show the reactions of larvae to single or 
twin point sources of light at room temperature, but most of the tests were 
designed to show the effects of different temperatures on the reactions of the 
insects to diffuse overhead light. In the latter observations, a dark-light 
alternative chamber was used. It consisted of a large crystallizing dish partly 
filled with water. Above the water, a nylon mesh platform was mounted 3 cm. 


. 1Contribution No. 78. Division of Forest Biology, Science Service, Department of Agriculture, Ottawa, 
anada, 
2Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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below the top of the dish, and the shallow air space thus formed was enclosed 
by a glass lid that covered the dish. Half of the lid was left clear, and the other 
half was painted outside with flat black paint. Consequently, when the lid 
was in place, half of the platform was evenly illuminated by diffuse overhead 
light, and the other half was dark. The outside of the dish was covered with 
black paper to eliminate stray light. 

The chamber temperature could be raised by warming the water beneath 
it with a hot | and the rate of temperature increase could be controlled by 
the amount of water in the dish. Besides raising the chamber temperature, the 
warm water kept the enclosed air saturated, so that any possible effects of 
increased rates of evaporation on the light reactions at higher temperatures were 
eliminated, and any changes observed could be attributed to changing temper- 
ature alone. A thermocouple was used to determine the chamber temperature, 
and other junctions were sometimes employed to find the differences between 
the temperatures of the air and the larvae within observed reaction ranges. 

Larvae were introduced into the chamber in groups of five to ten, depending 
on how large they were. They were distributed at random, but were allowed 
to take up their initial orientation before the chamber temperature was raised. 
As this temperature rose, the point at which each individual showed a distinctive 
reaction was recorded. The range of these reaction temperatures for each instar 
was based on a total of 100 larvae of the instar in question. 

The technique had to be adjusted to take into account some aspects of 
colonial behaviour, particularly during the first instar. For example, all first-instar 
larvae had to be placed on a twig to which an egg band was attached before 
their reactions in the chamber could be determined accurately. Although this 
was necessary partly because some of these young larvae were not able to crawl 
easily on the nylon platform, it was also necessary because few of them would 
move in any directed manner when they were isolated from other members of 
their group. 

Results 
Reactions to Point Sources 

Larvae of all instars of all species were photopositive when exposed to point 
sources of light at room temperature. At first, all species seemed only weakly 
photopositive, but this was found to be the result of sluggishness induced by a 
high rate of evaporation at room temperature (20-21°C.). At 45% R.H., the 
larvae frequently would do no more than face the light, but when the humidity 
was raised to 80%, they crawled rapidly. Then, orientation was accurate, and, 
although individuals performed occasional positive light compass reactions when 
a single source was used, they invariably adopted a resultant course when a 
second light was added. Starvation for as long as three days intensified the 
reaction, and further starvation had no observable effect on the orientation. 
Reactions to Diffuse Overhead Light 

At room temperature, larvae of all instars of all species were photopositive, 
and this state was not changed by starvation. In the dark-light chamber, the 
reaction of larvae of all instars of M. disstria, and of those of the first three instars 
of the other species, was strong enough to bring all individuals to the lighted half 
of the chamber within two or three minutes of their introduction. Larvae of 
the last three instars of M. americanum and M. pluviale had a much weaker 
response. Although they were not photonegative at room temperature in the 
chamber, they sometimes remained in the dark for several minutes before they 
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began to crawl. When the temperature was raised, reaction differences appeared 
among the species, and separate descriptions are necessary. 

M. disstria—Larvae of all instars of this species exhibited the same type of change 
when they were overheated. When they were heated sufficiently, all larvae 
became photonegative. They moved directly and rapidly to the dark, where 
they remained during further heating. First-instar larvae on twigs either 
entered the dark by crawling along the twigs, or else crawled quickly to the 
shaded side of the egg band. 

Inter-instar differences in the levels of temperature at which reversal took 
place were observed consistently. To avoid confusing detail in the text, these 
are listed in Table I, together with the temperatures at which distinctive reactions 
of the other two species were observed. These temperatures are given as the 
ranges within which the 100 individuals of each instar reacted. 


M. americanum and M. pluviale—When they were heated sufficiently, larvae of 
the first three instars behaved exactly like larvae of M. disstria. They became 
strongly photonegative, and would not re-enter the lighted half of the chamber. 

Fourth-, fifth-, and sixth-instar larvae behaved differently. As the temper- 
ature rose, larvae in the lighted half became very active and milled about rapidly, 
but their movements showed no clear orientation, other than a much more 
obvious reaction to the dark-light boundary than had been apparent at room 
temperature. As the temperature continued to rise, and activity became excessive, 
larvae often crossed this boundary, but they quickly re-emerged. Apart from 
these instances, no movement to the dark was observed. 

Their true orientation was shown only when the lid of the chamber was 
quickly rotated so that the heated larvae were in the dark. When this was done, 
they all emerged into the light, and there resumed their previous behaviour. 
This distinctive, direct movement from dark to’ light was strikingly different 
from the disoriented wandering that occurred once they returned to the light. 
Clearly, their original, relatively weak photopositive reaction had been much 
strengthened by heating, but the problem of determining the instar ranges within 
which this reaction occurred still remained. 

It was possible to take advantage of the initially weak reaction. Since 
several minutes often elapsed before larvae placed in the dark emerged from it 
at room temperature, they were all placed in the dark part of the chamber at 
the beginning. Since any larvae that might wander out before the temperature 
was raised to the point where the rapid, direct movement took place had to be 
subtracted from the group total, the water was preheated to a temperature near 
the suspected range before the insects were placed in the chamber. This 
minimized the number of individuals that had to be discarded during each obser- 
vation. Then, the chamber was heated further after the lid was put on, and the 
temperatures at which individuals came into the light were recorded. It is 
worth repeating that the directness of this movement, and the often spectacular 
speed with which it was accomplished, left no doubt repens the difference 
in stimulation between these individuals and any that came out before the reaction 
range was reached. 

The reaction ranges obtained in this manner are listed in Table I. It should 
be kept in mind that the temperatures listed therein refer to the chamber air, 
not to the larvae. The internal temperatures of larvae in the moist air within 
the reaction ranges, however, were from 0.5 to 1.5° above the chamber temper- 
atures, so that the met 2 given are reasonable approximations. Discussion of the 
inter- and intra-specific differences noted in the Table is reserved for the general 
discussion that follows the section on field observations. 
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SpEcIES OF Malacosoma. 


TABLE I 
SUMMARY OF THE RANGES OF REACTION TEMPERATURES OF THE THREE 
(TEMPERATURES IN CENTIGRADE). 














Instar | M. disstria M. americanum M. pluviale 
I N: 30.5-31.0 | Nz 30.0-31.0 | —-N: 30.5-31.0 
11 | N: 31.5-32.2 | Nz 31.0-32.2 | Nz 31.0 
III | N: 31.5-32.2 | N: 31.9-32.9 | N: 31.5-32.5 
| | 
IV | N: 30.0-33.0 | P: 31.3-33.0 | P: 30.0-31.3 
| 1 
V | N: 33.0-34.0 | P: 33.0-34.5 | P: 31.0-32.0 
| | | 
VI | N: 34.5-35.5 P: 34.1-35.0 P: 31.7-33.0 
a " ————————————— —— —. —$——_—$_—— 
N: — Photonegative orientation; P: — Photopositive orientation. 


FIELD OBSERVATIONS 
Materials and Methods 
Material for field use also was collected while it was still in the egg bands, 
but these were tied to twigs of suitable food trees that were small enough for an 
observer on the ground to inspect easily. M. disstria and M. pluviale developed 
well on Populus tremuloides, but M. americanum required Prunus pennsylvanica, 
and, eventually, some trees of this species had to be transplanted to points close 
to the site of the equipment noted below. 


When emergence occurred in the spring, colonies were allowed to establish 
themselves on the trees, and, wherever the larvae settled, their behaviour through- 
out their development was followed with as little interference as possible. A 
program of biological observations was arranged to follow a schedule of hourly 
general weather observations. In addition to observations of cloud type and 
amount, anemovane and hygrothermograph records were accumulated, and 12 
thermocouples with a recording potentiometer were used to measure temper- 
atures of the ambient air, leaves, bark, interiors and exteriors of tents, and other 
points of interest on or near the trees. Two junctions of the thermocoupie 
network were kept free so that they could be moved immediately to the site 
of any special event that occurred. This special equipment has been described 


in previous publications (4, 5) and any special methods are noted in appropriate’ 


parts of the next section. 


The field observations were made during 1949-50, near the end of natural 
outbreaks of M. americanum and M. pluviale in the district. Although birds 
and most insect parasites and predators were not interfered with, it was necessary 
to guard the colonies against attacks by ants, particularly during 1949, when 
these were especially troublesome (1). Without some protection, younger 
larvae of M. disstria, especially, were soon carried off, and whole colonies quickly 
disappeared. Therefore, the trees were banded with paper cones smeared with 
“Tanglefoot” at the bases, and this treatment kept them free of ants. 


Results 
Larvae on the Trees 
M. disstria—In the field, larvae of all instars of M. disstria are photopositive at 
temperatures below the reversal ranges shown in Table I. After eclosion, and 


a short period of clustering on the egg band, larvae of a colony move together 
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to the more illuminated parts of the tree, and begin to feed on catkins, or on 
new leaves. Through most of the daytime during the period spanned by the 
first instar, the temperatures of small, new poplar leaves exposed to sunlight 
are higher than both air and bark temperatures at the same height above the 
ground (Table II). When the air is cool, larvae cluster on the sunlit sides of 
these leaves, instead of on the twigs. 


TABLE II 
COMPARISON OF THE TEMPERATURES OF YOUNG PopLaR LEAVES, BARK OF TERMINAL 
TWIGs, AND THE SURROUNDING AIR DURING A PERIOD WHEN FIRstT-INSTAR 
LARVAE OF M. disstria WERE CLUSTERED ON THE LEAVES. 
(TEMPERATURE IN CENTIGRADE). 














TIME | LeaF T. BarK T. | AIR T. 
| 
1030 | 16.5 15.8 | 14.2 
1100 | 17.9 15.7 | 14.2 
1130 | 18.8 15.7 | 14.6 
1200 | 18.6 | 16.4 14.7 
1230 19.0 16.6 | 14.6 
1300 19.7 15.0 | 15.9 
1330 20.0 15.7 | 17.0 
1400 16.7 16.0 | 15.8 
1430 18.5 | 18.1 18.0 
1500 20.2 17.6 | 17.8 








Two or three weeks later in the season, during the third instar, the expanding 
leaves droop, and the relationship between leaf and bark temperatures during 
most of the day is reversed, partly because of the changed angle of exposure 
of the leaves, and partly because of changed solar elevation. The new relation- 
ships are shown in Table III. During this period, chilled larvae continue to bask 
in sunlight, but they do so on exposed twigs instead of on exposed leaves. 


It is not necessary to handle any larvae that are basking on leaves or twigs 
in order to show that they are photopositive. These young larvae are small 
enough so that a whole colony can occupy a leaf, and if the leaf is turned 
slowly so that they are shaded, they all immediately crawl over its upper edge 
and return to the sunlit side, a reaction that can be reproduced as long as the 
observer’s patience lasts. 


This, or similar behaviour on other surfaces, is changed during all instars 
when a higher air temperature is combined with more intense solar radiation 
to raise the internal temperatures of the larvae above their reversal points. 
For example, when they are overheated, small larvae move to the shaded sides of 
leaves or twigs, and larger larvae move closer to the bole, or to its shaded side. 
A result of the inter-instar differences in reversal temperatures sometimes may be 
seen during the brief periods when colonies of two instars are present in the 
field. For example, sometimes the temperature in direct sunlight is just high 
enough to make first-instar larvae photonegative, but not quite high enough 
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TABLE III 
COMPARISON OF THE TEMPERATURES OF EXPANDED POPLAR LEAVES, BARK OF TERMINAL TwIGs, 
AND THE SURROUNDING AIR DURING A PERIOD WHEN THIRD-INSTAR LARVAE 
oF M. disstria WERE CLUSTERED ON THE BARK. 
(TEMPERATURES IN CENTIGRADE). 














TIME LEAF T. BARK T. | AIR T. 
1100 13.3 16.8 12.5 
1130 14.1 16.6 13.1 
1200 | 11.0 20.4 13.8 
1230 | 11.5 16.9 10.8 
1300 13.9 17.0 13.0 
1330 | 15.7 16.6 11.8 
1400 15.8 19.0 10.8 
1430 13.4 17.4 12.2 
1500 11.5 14.1 10.2 
1530 | 11.9 | 15.2 | 8.8 


to affect second-instar larvae in this way (cf. Table I). On one small 
tree, we had a colony of photopositive second-instar larvae that behaved as 
described above when the leaf was turned, while a nearby colony of first-instar 
larvae kept moving just as steadily to the shaded side of another leaf. At this 
time, the radiant temperature was just below the second-instar reversal range. 


There is a difference in the way in which these photopositive and photo- 

negative larvae move over the leaves. Photopositive larvae keep moving to the 
sunlit side of leaves when these are turned, but they remain there quietly when 
undisturbed. Undisturbed photonegative larvae are more active. Frequently, 
the surrounding air is cool enough so that the temperature difference across a leaf 
permits shaded larvae to cool beneath their reversal points, whereas any exposed 
larvae are overheated. The cooled larvae immediately become photopositive, 
and therefore move to the edge of the leaf to’ return to the sunlit side. As soon 
as they are exposed, however, they become overheated, and their orientation 
is immediately reversed again. Therefore, a colony in this state is spread in a 
fringe along the edge of the leaf on its shaded side, and individual larvae 
constantly bob up and down over the dark-light border. 
M. americanum and M. pluviale—Whereas larvae of M. disstria respond to heat 
or cold by moving to shaded or sunlit parts of the tree, the reactions of these 
species to the same conditions are often related to their communal tents. Some- 
times, although not invariably, light reactions play a part in the movement of 
larvae to and from these tents. 


For example, if a larvae are heated above their reversal temperatures, 
they return rapidly rom the outer branches to the vicinity of the egg band or 


the tent. When they arrive, they move to the shaded sides and remain there 
until the temperature drops. On the other hand, when larvae are out at the 
feeding sites, and the temperature there suddenly drops, a similar, hasty return 
to the tent occurs, but their behaviour after arrival differs. They move to the 
most exposed surface, or else enter the tent. No light reaction appears to be 
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involved in this type of return: instead, the larvae appear to be following a 
temperature gradient from the leaves, to the bark, to the tent—the warmest site 
available. 


Similarly, the movements of older larvae of the fourth and subsequent instars 
to and from the tent are not always governed by light. For example, during 
any day on which feeding takes place, most members of a colony return to the 

vicinity of the tent at the end of their first early morning feeding period. On 
cloudy, humid days, they seldom enter the tent, but rest on its upper surfaces, or 
near it, and some may even remain inactive at the feeding site until the next 
feeding period. In contrast to these types of behaviour, during the early morn- 
ing of a dry clear day, all the larvae leave the feeding site after the first feeding 
period and enter the tent without delay. This difference in behaviour seems to 
be produced more by the change in atmospheric moisture than by a change in 
temperature, since many cloudy mornings are as warm as, or warmer than the 
clear ones, but, as long as the humidity is high, no mass entry into the tent 
occurs. Furthermore, there is no evidence that these movements to or into the 
tent are affected in any way by light reactions: the larvae appear to be following 
gradients of moisture, primarily. 

The tent these older larvae enter is no longer a simple shelter. By the end 
of the third instar, larvae have expanded it so much by continued additions that 
it contains several more or less distinct pockets, connected by small holes. These 
pockets contain stagnant air that varies widely in temperature, depending on 
whether the pocket is shaded or fully illuminated (cf. Table IV), but that is 


TABLE IV 
DIFFERENCES OBS=RVED BETWEEN THE TEMPERATURES OF AIR ENCLOSED AT VARIOUS POINTS 
POINTs IN A FIFTH-INSTAR M. pluviale TENT AND THE OUTSIDE AIR AT THE 
SAME HEIGHT ABOVE THE GROUND. 
(TEMPERATURES AND TEMPERATURE DIFFERENCES IN CENTIGRADE). 




















Point No. | 1 | 2 | 3 | 4 | 5 | 6 
Time | 

A | a sk | | : me 
0730 | = 10.9 0.5 ae eee er. ae 
ae.) see. 1 =e 1. “ee ua ..|- 3 | 8.5 
0930 | 17.6 | 3.9 Oe] Oop ee 
1030 | 2.6 | 0.2 so | in2 | 120 10.6 
1130 | =. 24.0 0.3 es. 8.4 | 95 | 7.9 
1230 me tions | on oe 10.4 | 9.3 
1330 | 246 | 1.3 bake as ies * ee ie oer 
ae oe 0.9 (| hee e.4 i ee 7.1 
1530 coy Bet ee | 20.0 | 4.9 | 10.1 
et a wee Oe eae ae |: 5a 

Cone:— ny 


1. Outside air temperature at 1.6 m. above the ground. 
2. Upper tent surface t. minus air t. No. 1 

3. Air enclosed in eastern side of tent minus air t. No. 1. 
4. Air enclosed in upper part of tent minus air t. No. 1. 
5. Air enclosed in central part of tent minus air t. No. 1. 
6. Air enclosed in lower part of tent minus air t. No. 1. 
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always moist, because the silk walls of the tent effectively slow the passage of 
water vapor and, in fact, are excellent barriers against even liquid water. The 
moisture in this stagnant air seems to come partly from the larvae themselves 
during their stays in the tent, and partly from their frass and exuviae. 


When returning larvae of the later instars enter their tent, they may or may 
not enter the coolest pocket, but the diurnal rise in temperature soon forces 
them into one cooler than that first occupied. From this time onward, their 
activity for several hours is restricted to occasional shifts from pocket to pocket, 
with the mass movement always directed towards a cdoler pocket. Light appears 
to play no more part in these movements within the tent than in the original 
movement to it. Indeed, although gradients of light intensity certainly exist 
inside the tent, they are very weak in comparison with the exceedingly steep 
temperature gradients that exist over distances of 2 to 3 cm. (Table IV). These 


temperature gradients are so steep that the larvae really require no other guiding 
stimulus. 


Solar heating reaches a maximum at midday, and then diminishes, but the 
outside air usually becomes hotter and drier for a few hours after noon. During 
this period, the larvae manage to remain in the tent by moving to pockets on 
the coolest side. The tent acts much like a greenhouse, however, and when 
direct sunlight returns by mid-afternoon, it frequently raises even the coolest 
pocket above the reaction temperatures of the enclosed larvae. When this 
happens, they emerge directly and very rapidly through the nearest holes in the 
outer surface of the tent. 

The behaviour of these emerging larvae is strikingly similar to that of larvae 
observed in the laboratory alternative chamber tests, and it occurs within similar 
ranges of temperature. “At one moment, the larvae rest quietly in a pocket 
of the tent, and, in the next instant, they all emerge hastily. This egress never 
occurs while there are any spots left that are cooler than the reaction temperatures 
of the larvae. Since the light i in the tent is considerably dimmer than the outside, 
the larval movement seems to result from strengthened photopositive behaviour 
similar to that previously observed at high temperature in the laboratory. It 
is worth noting that, by the time the larvae emerge in midafternoon, objects 
directly exposed to the outside air are under considerably more moderate 
conditions than at midday, as long as they are not exposed at 90° to the rays 
of the sun. 

Larvae on the Ground 

Well-developed larvae of all species leave the trees in response to one of 
two stimuli. In heavy infestations, some larvae may begin to starve during the 
last three instars. Their first reaction involves a thorough coverage of the 
branches, but, if no food is encountered, they drop or crawl from the trees and 
move over the ground until they encounter ‘other vertical surfaces. No photic 
response seems to be involved in the departure from the original tree, but the 
progress of the larvae over the ground is alw ays governed by their light reactions 
in the same manner as that of the larvae described below. 

The second stimulus under which larvae leave trees results from the internal 
changes that take place a few days before pupation. Prepupational departure 
from the trees seldom begins before 0900 hr., and ceases between 1600 and 
1630 hr. each day. There is no true mass departure, but, since less than a week 
is involved, numerous larvae may be seen leaving the trees and crawling over the 
ground on any day during that period. Larvae in the lower half of the tree 
frequently leave by crawling down the bole, whereas those in exposed upper 
parts simply drop to the ground. 
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Although we have no information on the nature of the internal changes that 

precede prepupational departure, it has been observed that none of the larvae 
leaving a tree are cooler than 30°C. Those that drop are commonly several 
degrees warmer than this, and those that show no indication of leaving may be 
as much as six degrees cooler. Once on the ground, of course, larvae may be 
warmed or cooled several degrees above or below 30°C., depending on the time 
of day and on the nature of the shadow pattern. Larvae of all three species 
behave similarly on the ground, so full details are given only for M. disstria. 
M. disstria—An observer who enters an area of heavy infestation during the 
period of prepupational travel can see tremendous numbers of larvae crawling 
on the ground. In woodland, at first glance, there appears to be no apparent order 
to the directions of travel where the ground is broken, or covered by low 
vegetation. On relatively smooth surfaces, such as sand, a definite direction 
of travel at any particular time of day is soon apparent, and the information 
gained by watching larvae on smooth surfaces aids in the interpretation of their 
movements through vegetation. For example, on sand, pavement, or short 
grass, a given direction is maintained for long periods, sometimes for more than 
two hours, and deviations from the direction of travel are seldom as much as 10°. 
On the other hand, even a sparse covering of vegetation about 15 c.m. high 
obstructs travel and influences its direction to the extent that it is necessary to 
allow for temporary deviations of 25° when records are taken. 


On smooth surfaces, three distinct directions of travel can be seen during 
days when the sun is visible, or when the overhead sky is clear. In order to 
classify them conveniently, the compass direction of the sun is used as a reference 
point. Thus, all larvae on ground exposed to sunlight or to open sky travel 
in the general direction of the sun during the early morning hours of a clear 
or partly cloudy day. Later, about two hours before solar noon, larvae in 
fully exposed areas turn either right or left and begin to travel at right angles 
to the solar position. At this time, larvae shaded from the sun, but not from 
the sky, still move towards the solar position. Therefore, within a few metres, 
one may see two larvae moving in directions that are diametrically opposed, but 
that are both at 90° to the solar direction, while a third larva, shielded from the 
sun but not from the sky, continues to travel in the direction of the sun. If 
this third larva moves to sunlit ground, its direction of travel changes by 90°, 
right or left. Similarly, if either of the other two moves into an area shielded 
from direct sunlight, a 90° change in its direction occurs, so that it then travels 
in the direction of the sun. 

As midday approaches, a third direction of travel appears among larvae 
crawling over sunlit ground. They begin to move directly away from the solar 
position, and maintain this new direction as long as they are in exposed areas. 
Later, after midday has passed, the reverse trends may be observed: first, 
the exposed larvae begin to move at right angles to the solar point, and, still 
later, they begin to move towards it. 

On days when there is a heavy overcast, larvae that are already on the 
ground in exposed areas show minor directional changes every two or three 
metres, but, if the overcast is thin enough to show a gradient of light intensity, 
there is a tendency for all travel to be orientated with reference to the brightest 
portion of the visible sky. 

During any type of day, groups of larvae that are in full shade show no 
tendency to orientate in one definite direction. Individuals move independently. 
If undisturbed, they show minor directional changes every few metres and, 
occasionally, a major shift occurs for no obvious reason. On the other hand, if 
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one of these larvae is disturbed, it shows a definite tendency to return to its 
original orientation if it is returned to the ground immediately. This tendency 
to return to an initial orientation after disturbance is, however, common to larvae 
in all degrees of exposure. Therefore, the real difference between exposed and 
shaded larvae disturbed during travel lies in the number of directions to which 
original, undisturbed travel is restricted, not in the tendency to return to a 
previous orientation. Thus, larvae disturbed under an overcast return to a 
restricted range of headings that are directed towards the band of brightest 
cloud; those under clear sky or in sunlight return to one of three definite 
directions, and those in shade return to their own independent directions. 
Clearly, there are two separate phenomena involved: photic orientation super- 
imposed upon a more basic mechanism. 

The three directions of travel exhibited by larvae exposed to overhead sky 
or to sunlight show direct relationships with the level of solar radiation and, 
fundamentally, with larval internal temperature. The latter relationship is 
shown in Table V. 

In Table V, the larvae in which temperatures were measured were picked at 
random from those observed travelling in the three directions. In a comparison 
of mean internal temperatures, all groups differed significantly (1 vs. 2, P<0.001; 
2 vs. 3, P<0.02). The numbers are small, but the mean internal temperature 
at which travel away from the solar position was observed is close to the upper 


limit of the range of temperature at which a photonegative response to diffuse, 
artificial light was observed in the laboratory (Table I). 


TABLE V. 


INTERNAL TEMPERATURES OF MATURE LARVAE OF M. disstria ENGAGED IN 
PREPUPATIONAL TRAVEL. (MEAN TEMPERATURES IN CENTIGRADE.) 








MOVEMENT OBSERVED MEASURED TEMPERATURE 





DIRECTION OF | NO. OF LARVAE NO. OF LARVAE | MEAN INTERNAL 
| 
| 


1. Towards the | 


suM............! 66 8 30.6 
2. Right angles | 
to the sun...... 82 | 12 32.7 
| ‘ 
3. Away from | 
the sun........ 71 12 | 35.4 








M. americanum and M. pluviale—As noted, larvae of the last three instars of 
these species behave like larvae of M. disstria when they crawl on the ground. 
In full sunlight, or under clear sky, the same three directions of movement may 
be observed. The mean internal temperatures of mature M. pluviale larvae 
measured during prepupational travel were 28.0, 30.1, and 33.0°C., depending 
on whether the larvae were moving towards the solar point, at right angles to 
it, or directly away from it. As with M. disstria, the temperature at which 
movement away from the sun occurred is close to the upper limit of the range 
at which a reaction to diffuse, artificial light, or to sky light diffused by the tent, 
was observed. The important difference is that, in M. pluviale (and in M. 
americanum), overheating in the laboratory or in tents intensifies the original 
photopositive response, whereas overheating on the ground produces a response 
which is, by all ordinary criteria, photonegative. 
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Although the movements of M. americanum \arvae on the ground showed 
that they were orientating in the same manner as the other two species, the 
internal temperature measurements obtained during their prepupational travel 
are open to question. For instance, the mean internal temperature of larvae 
moving away from the solar point was 31.8°C., considerably lower than the 
reaction range for the instar shown in Table I. All the larvae observed were 
moving through short-stemmed ground vegetation, which might have had some 
effect, but it is most probable that its sole effect was that it interfered with an 
observer's efforts to pick up a larva quickly, and therefore, by the time a 
thermocouple was inserted anally, the temperature of the larvae was no longer 
what it had been on the ground. 


DISCUSSION 

The reactions of the three species to discrete sources of light in the labor- 
atory can be treated very briefly. The chief point to be noted is that their 
photopositive response became more pronounced during prolonged starvation. 
In this respect they differ from a species tested earlier, Choristoneura 
fumiferana (Clem.), a tortricid in which larvae of the last three instars first 
perform light compass reactions and then become photonegative to discrete 
sources as their starvation is prolonged (3). On the other hand, both Choriston- 
eura and the species of Malacosoma have similar responses to diffuse light at 
room temperature, i.e., starvation has no effect on the original photopositive 
response. 

Several aspects of the reactions observed in the alternative chamber at 
higher temperatures have a bearing on behaviour observed in the field, and 
therefore require fuller discussion. However, before laboratory-field relation- 
ships are treated directly, there is a more general aspect of the laboratory experi- 
ments that merits attention. The fact that differences in temperature ranges 
within which reactions take place may occur not only between species, but also 
between instars of the same species (Table 1), suggests the need for better 
separation of material for alternative chamber experiments than is usually the 
case. Since similar inter-instar differences have been demonstrated in C. 
funnferana (3) as well as in these three species of Malacosoma, the phenomenon 
may be widespread, and should be kept in mind during future observations. 

Such inter-instar differences are to be expected in species in which the period 
spanned by the larval stage amounts to several weeks, particularly if development 
begins during the spring and continues into summer, because the natural 
temperature regime changes considerably during that period. Consequently, in 
order to understand the significance of these differences, it is necessary to study 
the species in their natural habitats. Thus, it has been shown how an apparently 
small difference, such as that between the reversal ranges of the first- and second- 
instar larvae of M. disstria, can result in completely different behaviour between 
colonies of the two instars when these are present in the field at the same time. 

Similarly, the other intra-and inter-specific differences which were observed 
in the alternative chamber can only be interpreted in terms of field behaviour. 
Furthermore, it has been clear all through the report on field observations that it 
is not enough to know the temperature ranges in which reactions were observed 
in the laboratory: in the field, due consideration must be given to micrometeoro- 
logical records ‘taken not only at the sites where the insects are active, but also 
at sites where they are not. For example, the changing temperature differences 
between air, twigs, and leaves help to explain the presence or absence of basking 
larvae on leaves or twigs exposed to the sun, and the temperature differences 
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between tent compartments help to explain the mass movements of a colony 
to different parts of its tent. 

The most interesting differences observed both in the laboratory and in the 
field are those between M. disstria and the two tent-forming species. M. disstria, 
the only species to maintain a consistent pattern of behaviour throughout its 
larval stage, simply reverses from photopositive to photonegative when over- 
heated. Moreover, this simple reversal is maintained whether the larvae are on 
trees or on the ground. On the other hand, only young larvae of the other 
two species behave consistently like larvae of M. disstria: in the last three 
instars, their behaviour is similar to that of disstria only when they are on the 
ground. When they are in their tents, it is quite different. 

There is an apparent anomaly in the two types of behaviour exhibited by 
older larvae of M. americanum and M. pluviale. When they are over-heated 
while they are in an alternative chamber or in a tent, they clearly become much 
more strongly photopositive. In contrast, when they are overheated during 
travel on the ground, they become photonegative, by ordinary criteria, to light 
from the sun or from the unobstructed sky. The first result gives an interesting 
contrast between them and M. disstria, and makes it difficult to escape the con- 
clusion that the difference in behaviour which appears in the tent-formers is 
convenient from the standpoint of larval survival, to say the least. The second 
result is, at first glance, confusing, and, to interpret it, it is necessary to consider 
the kinds of light involved when the different types of behaviour occur. 

Light from ordinary, artificial sources commonly employed in the laboratory, 
or sky light diffusing through silk walls several layers thick is largely 
unpolarized. On the other hand, light from the unobstructed sky is polarized, 
whether or not is sun is visible from the observation point, although the amount 
and plane of polarization depend upon a number of factors. Once a distinction 
is made between polarized and unpolarized light, there is no real anomaly. 

In a previous publication (6), it was shown that larvae of M. disstria, among 
other species, were sensitive to the plane of polarization of light from the sky. 
Their responses to rotation of a sheet of “Polaroid” were very marked, to the 
extent that a 90° shift in the direction of larval travel was produced by a similar 
shift in the axis of the screen, regardless of the internal temperature of the larva 
and its consequent initial orientation with op to the sun. Indeed, in this 
species, these changes in the direction of travel could be produced under sheets 
of “Polaroid” when the sun was in full view, a fact which suggested that, despite 
the steadying influence of the presence of the sun on the travel of undisturbed 
larvae, orientation was primarily by patterns of varying brightness, not by the 
sun itself. 

As noted previously, larvae of M. americanum and M. pluviale on the 
ground orientate in precisely the same way as those of M. disstria, and do so 
just as accurately, i.e., their direction with respect to the sun depends solely on 
their internal temperatures when they are moving undisturbed under open sky. 
Recently, larvae of the third and subsequent instars of both species were tested 
outdoors under “Polaroid”, and showed the same directional changes in response 
to rotation of the axis of the screen as did larvae of M. disstria. Therefore, they 
make use of the natural polarization patterns in the same way as M. disstria while 
they are travelling extensively over the ground. 

In the laboratory, or inside a tent, conditions are quite different, since there 
is no effective amount of polarized light available. Consequently, the photo- 
positive behaviour noted during overheating occurs in response to a different 


type of light. 
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There is another point concerning the two types of light reactions, although 
it has no bearing on the point above. In a chamber, or in a tent, the distance 
travelled during the reaction is negligible in comparison with that covered 
during travel on the ground. Furthermore, a steep gradient of light intensity 
is always available in the former instances. Therefore, these reactions are 
boundary reactions, not steadily maintained orientations. Indeed, most of the 
true light reactions of the larvae of all three species on the trees should be 
classified as boundary reactions. 

One final point should be discussed. It has been shown that internal 
temperature affects the photic orientation of these larvae not only in the expected 
way during the better-known type of boundary reactions just discussed, but 
also during extensive travel on the ground. In the description of the actions of 
larvae travelling under full shade, however, it was pointed out that photic 
orientation, as such, with its restriction of the number of possible directions of 
travel, was possibly superimposed upon a more basic tendency of an individual 
to maintain a particular direction for a short period. Hayashi (2) presented 
considerable evidence to show that muscle tonus exerts a marked effect on the 
direction taken by a moving lepidopterous larva, to the extent that some larvae 
previously subjected to steady bending to one side tended to turn to that side 
when permitted to move on a large surface. As a matter of fact, Hayashi seems 
to have considered that his evidence precluded such things as light compass 
reactions. At this time, it is hardly necessary to point to evidence of other 
workers which refutes this latter claim. The actions of larvae of Malacosoma 
that we have observed in full shade did suggest, however, that there is a basic 
mechanism, such as muscle tonus, which is overshadowed by photic orientation 
when light becomes available for use as a token stimulus. 


CONCLUSIONS 

1. At room temperature, larvae of the three species of Malacosoma are photo- 
positive to discrete or diffuse sources of light, and starvation simply intensifies 
this response. 

2. Differences in response to diffuse light occur when the larvae are overheated. 
Larvae of all instars of M. disstria become negative when overheated in an 
alternative chamber, and this reversal is maintained in their field behaviour, 
whether they are on trees or crawling on the ground. There are inter-instar 
differences in their reversal points, with older larvae tending to reverse at higher 
temperatures. 

3. When overheated, larvae of the first three instars of M. americanum and M. 
pluviale also become photonegative to diffuse light. However, those of later 
instars, which are only weakly photopositive at room temperature, become much 
more strongly so when they are overheated. This difference in response is 
associated with the presence or absence of a tent in the field, and with the 
behaviour of larvae in relation to the tent. For example, M. disstria does not 
construct a tent, and moves to shade when overheated. The other species have 
tents, and, in later instars, enter them on dry days and remain therein until the 
tent temperatures rise above their photic reaction temperature, at which time 
their strengthened photopositive response brings them out of the tent. 

4. On the ground, older larvae of all three species that are travelling over 
ground exposed to full sunlight or to clear sky are affected by temperature, and 
their directions of travel may be referred to the solar point for easy classification. 
Thus, when the larvae are cool, they travel towards the compass position of the 
sun, but, as they become hotter later in the day, they tend to travel at right 
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angles to this position. Finally, if they are heated to a temperature within their 
reaction range, they travel away from the solar point. 

5. In this respect, the behaviour of M. disstria is consistent, since it simply 
reverses its photic orientation whether it is reacting to a sharply-defined boundary 
or maintaining a prolonged orientation during travel over the ground. It is 
necessary, however, to distinguish between the types of light involved in order 
to interpret the photopositive behaviour of older larvae of the other two species 
when they are overheated in tents and their photonegative response when over- 
heated while on the ground. Light diffused through tent walls is unpolarized, 
whereas that from clear, unobstructed sky is polarized. Therefore, it is considered 
that the two reactions are performed in response to different types of light. 
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Psithyrus insularis (Sm.) in a Nest of Bombus ternarius Say 
(Hymenoptera: Bombidae) 


By C. H. Craic 


Field Crop Insect Section, Laboratory of Entomology 
Canada Department of Agriculture, Saskatoon, Sask. 


Franklin (1913) (p. 448) stated, “There is not yet a single new world 
account of a Psithyrus having been found in a Bombus nest”. Since then, of 
the seven North American species, four have been reported found in nests of 
Bombus spp. by Sladen (1915), Frison (1916, 1921, 1926), Plath (1934), Linsley 
(1944), and Leech (1947). Of these records only two are from Canada, both 
being from British Columbia. Sladen (1915) reported finding the well-preserved 
body of a female of Psithyrus insularis (Sm.) and several cocoons, from one of 
which he extracted a male of P. insularis, in a nest containing an old queen and 
several workers of Bombus flavifrons Cress. Leech (1947) found a P. insularis 
female in a nest containing several workers of Bombus mixtus Cress., and con- 
cluded that the iniquiline had supplanted the mixtus queen. 

The development of a brood of P. insularis in a nest of Bombus ternarius 
Say was observed in 1951 near White Fox in northeastern Saskatchewan. An 
extensive search of the literature has revealed no previous record of B. ternarius 
as a host of any Psithyrus species. 

The nest, established by an overwintered ternarius queen in a specially 
provided domicile, contained three ternarius workers and a brood mass when 
examined on June 30. A casual examination at midnight of July 3 revealed 
eight ternarius workers in the nest. The ternarius queen was not observed in 
the nest during either of the above examinations, but she may have been present. 
On July 18 the nest contained 22 ternarius workers; a dead ternarius queen, and 
a female of Psithyrus insularis. Examination of the bumble bee queen’s body 
revealed no indication of any struggle between her and the iniquiline for 
possession of the nest, but she may have been stung to death. 

The exact date that P. insularis entered the nest is not known, but entry 
must have occurred in early July because the first of the iniquiline brood, a female, 
was observed in the nest on July 27. By August 7 five females and four males 
of P. insularis had emerged, and by August 9 the brood had increased to nine 
females and four males. By August 15 all of the above specimens of insularis 
had left the nest and subsequent examinations, during the day and at night, 
revealed no evidence of return visits. On August 17 a newly emerged insularis 
female was present. No emergence occurred from three insularis cocoons that 
remained in the nest. 

The newly emerged imsularis specimens clung closely to the cell mass, 
apparently seeking cover, when the nest was disturbed; but several days after 
emergence the females were observed to assist the B. ternarius workers in repairing 
any disarrangement of the nest. Neither the imsularis parent nor her offspring 
were observed to leave the nest to forage. It is assumed that during the period 
that they remained in the nest they were provisioned by the bumble bee workers. 

No evidence of hostility between the ternarius workers and the inquiline or 
her brood was observed. On August 7, before all of her brood had emerged, 
the parent insularis female was found in the nest, dead, almost devoid of pile, 
and with two of her wings missing, but her death and condition were believed 
to be the result of normal ageing. 

The number of B. ternarius workers did not increase beyond the 22 that were 
present when the parent iniquiline was first observed in the nest, and no queens 
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or males of ternarius were produced. Natural mortality apparently accounted 
for all of the 22 workers before the end of August. Examinations of the nest 
revealed 18 living and three dead on August 7, 16 living on August 9, 11 living 
on August 28, and five dead and none living on August 31. 
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